Background: Although incidental coronary artery calcium (CAC) has been established as a surrogate measure for atherosclerotic plaque burden, little is known about its progression and the associated risks. This study looks at the association of select cardiovascular risk factors with the progression of CAC over a 2-year period and the relationship between CAC progression and experiencing a composite cardiovascular disease (CVD) event.
1
Studying the significance of CAC in asymptomatic individuals is warranted because the majority of initial coronary heart disease events are acute myocardial infarctions or sudden cardiac death. 2 While CAC scores cannot nullify the prognostic value of standard risk factors, they have been demonstrated to enhance risk stratification based on pretest coronary heart disease risk estimates such as the Framingham index and pooled cohort risk equations. [3] [4] [5] [6] Furthermore, several studies contend that coronary calcification adds prognostic information above and beyond knowledge of traditional risk factors, and that it is the strongest predictor of cardiac events. 2, 7, 8 Thus CAC progression may detect changes in premorbid atherosclerosis and identify subjects who would benefit from more aggres-sive risk factor management and further diagnostic workup. 9, 10 Understanding the relationship between specific risk factors and CAC progression may improve the mechanistic understanding of coronary heart disease. Currently, evidence shows several traditional risk factors for coronary calcification incidence; among them, age and sex are the most prominent. 11 Less evidence is available for factors related specifically to CAC progression, and less still is consistent. According to Kronmal et al, 12 certain factors (low-density lipoprotein [LDL] and high-density lipoprotein [HDL]cholesterol) seem to be related only to the risk of incident CAC, not to the progression of existing calcification. Yoon et al 13 found that, among traditional risk factors, only hypertension and diabetes were significant independent factors for calcium progression, but findings in previous studies suggested otherwise.
14 Several studies observed a correlation of most traditional cardiovascular risk factors with increases in existing calcification. 12 Because the amount of CAC is proportional to disease severity and a graded relationship has been demonstrated between the extent of CAC and the incidence of future cardiovascular events, monitoring CAC over time may be useful in preventing subsequent morbidity and mortality. 15 In addition to surrogate monitoring of coronary plaque burden over time, a unique potential of serial CAC measurement is the ability to evaluate the success of risk factor modifications and medical treatment. 16 Electron-beam computed tomography has been shown to accurately assess the clinical efficacy of medical therapies in studies as short as 1 year. 17 This has the potential to allow primary care providers to tailor treatments for high-risk patients, such as those with known coronary disease, based on disease progression. Current practice calls only for further diagnostic testing, and subsequent invasive interventions-but only once concerning symptoms develop suggesting advanced disease. Here we consider a number of traditional cardiovascular risk factors and demographic factors as each relates to the risk of progressive CAC in a short 2-year interval in subjects without a history of cardiovascular disease (CVD) or renal or liver failure. Future possible implications include tailoring intensive medical management regimens for high-risk patients, stratifying for risk those with known coronary disease, and learning about the limits of using CAC scores.
Methods

Study Population
The North Texas Healthy Heart (NTHH) study is a prospective cohort study involving a convenience sample of 571 subjects recruited from 12 sites participating in the North Texas Primary Care Practice-based Research Network (NorTex) from April 2006 to May 2008. NorTex is a collaborative network of primary care clinics serving low-income, underrepresented populations of the Dallas/Fort Worth, Texas, metropolitan area. The 12 family medicine/internal medicine clinic sites that participated in the NTHH study included 4 academic community-based clinics, 3 community health centers, 4 solo-practitioner private practices, and 1 federally qualified health center. Participants were eligible for the study if they were aged Ͼ44 years; self-identified as non-Hispanic white, non-Hispanic African American, or Hispanic/Latino; and had no history of self-reported CVD (coronary artery disease, peripheral arterial disease, history of myocardial infarction or stroke, or congestive heart failure), renal failure, or liver failure. All participants were consecutively screened for eligibility either on site or via phone from a centralized NorTex research office located within the Department of Family Medicine at the University of North Texas Health Science Center. Initial contact was made with 1062 individuals, of whom 860 met eligibility criteria. Of those who were eligible, 670 individuals were invited and 571 agreed to participate (85% recruitment rate). A total of 364 participants completed the follow-up annual telephone calls and an in-person study visit at 2 years. The analysis presented here includes the 311 participants who completed multislice computed tomography (MSCT) of the chest at baseline and 2 years. This represents a 58% follow-up rate over 2 years. All study procedures were approved by the University of North Texas Health Science Center and John Peter Smith Health Network institutional review boards.
Study Procedures
All participants who consented to participate underwent an initial 1-hour private, in-person interview. Women without a history of hysterectomy underwent a urine pregnancy test; none of these were positive. Participants then completed weight, height, waist-to-hip circumference, and blood pres-sure measures at both visits. Height and weight measurements were used to calculate a body mass index (BMI) for each subject using the Quetelet equation (kilograms divided by square meters). 18 Automated Welch Allyn sphygmomanometers were used to measure heart rate and systolic and diastolic blood pressures in each arm using a appropriately sized cuff. The measures were taken after the participant had been seated quietly for 5 minutes with both feet flat on the floor and the back comfortably supported. Mean heart rate and systolic and diastolic blood pressure were calculated for each subject based on 2 separate measures. These procedures were repeated at the 2-year visit.
Demographic and Health Behavior Measures
The NTHH study used standardized questions from the Behavioral Risk Factor Surveillance System to collect select demographic and health behavior information. Age (years) was registered as a continuous variable. Race/ethnicity was self-reported and categorized as non-Hispanic white, non-Hispanic African American, Hispanic, and other.
Physiologic and Clinical Measures
The presence of coronary calcium was measured using 16-slice MSCT, and Agatston units 19 were calculated. The MSCT took images every 3 mm from the carina to the base of the heart, and double inspiration was used to minimize motion artifacts. Electrocardiography correlated heart rate with the images produced by Vitrea software (Vital Images (Minnetonka, MN) was used to quantify calcium. Total time in the scanner was 10 to 15 minutes, which was open with no contrast administered. CAC quantification was reviewed and interpreted by a radiologist from Radiology Associates at the Center for Diagnostic Imaging at the University of North Texas Health Science Center; this radiologist was blinded to participant characteristics. These procedures were repeated at the 2-year visit, and the differences from baseline CAC measures were calculated for each participant. Because the resulting values were skewed and transformation attempts failed to normalize the variable, CAC differences were categorized as increase in CAC (CAC difference Ͼ0) or no change or improvement in CAC (CAC difference Յ0). In addition, each participant was assessed yearly on whether they had suffered a myocardial infarction, stroke, transient ischemic attack, new-onset heart failure, peripheral arterial disease, or any other new heart condition. A composite CVD event was coded as having none or any of these events. CAC and CVD composite outcomes functioned as our dependent variables.
Other clinical factors included hypertension, diabetes, and lipid status. After patients had fasted for 8 hours, blood was collected for serum chemistries and analyzed using a commercial laboratory. Hypertension was considered present if blood pressure was Ն140/90 mmHg, the subject reported being diagnosed with hypertension, or the subject was taking antihypertensive medications. Diabetes was considered present if the fasting glucose concentration was Ն126 mg/dL, the subject reported being previously diagnosed with diabetes, or the subject was taking any diabetic medication. Dyslipidemia was considered to be present if, based on Adult Treatment Panel III guidelines, the participant had an LDL Ն160 mg/dL, the participant reported being previously diagnosed with high cholesterol, or the participant was taking a lipid-lowering medication. Because the study was conducted from 2006 to 2008, Adult Treatment Panel III guidelines were used; these define LDL concentrations Ն160 mg/dL as high or very high.
Primary independent variables included the presence of hypertension, dyslipidemia, diabetes, or any combination of these chronic conditions and baseline values of LDL, non-HDL, HDL, triglycerides, systolic and diastolic blood pressures, fasting glucose, and BMI. We contemplated assessing the mean of or difference in physiologic measures between clinic visits, but variability at the time of measurement limited the reliability and clinical significance of such measures.
Sample Size and Statistical Analyses
A retrospective sample size calculation for cohort study designs was conducted based on data from the Multi-Ethnic Study of Atherosclerosis (MESA) published by Budoff et al. 20 The MESA study found that just more than 50% of its analytic cohort (n ϭ 6778) had CAC progression with a median follow-up of 7.6 years. Using a relative risk of 1.3 in the likelihood of developing coronary heart disease from progressive CAC changes, as found in the MESA study, we would achieve a desired power of 80% with a sample size of 167. These analyses are, in fact, based on a sample of 311 participants, ensuring sufficient power was achieved.
All statistical analyses were performed using SPSS version 21.0 (IBM, Chicago, IL). Descriptive statistics are provided for all variables. Counts and frequencies are provided for categorical data, and means with standard deviations (SDs) are provided for continuous variables. Independent sample t tests and 2 analyses were performed to test for differences in independent variables between participants with CAC progression. Differences between CAC progression and a composite CVD event were also assessed. Logistic regression was performed to assess associations between independent variables, CAC progression, and composite CVD events. Unadjusted and adjusted odds ratios and 95% confidence intervals were calculated. Statistical significance was assessed at the ␣ ϭ 0.05 level.
The multiple logistic regression model assessed for multicollinearity using tolerance and variation inflation factor, with age and sex variables in the final models. No collinear relationships were identified. Table 1 provides demographic information of the population (N ϭ 311) by change in CAC measures. Overall, the average time between baseline MSCT and 2-year follow-up MSCT was 24.44 months (SD, 2.64 months), with a mean change in CAC scores of 24.45 Agatston units (SD, 137.19 Agatston units). CAC did not progress in 218 individuals (70%), compared with 113 participants (30%) who demonstrated an increase. Those who had increases in CAC scores were older; were more often male and white; had hypertension, dyslipidemia, or diabetes; and had Ն2 chronic conditions. In addition, those with an increase in CAC scores had unfavorable disease measures with regard to cholesterol, blood pressure, and fasting glucose. No difference was found in BMI measures between the 2 groups. Table 2 demonstrates that among those who experienced a composite CVD event, 69.6% had an increase in CAC, whereas 30.4% did not. Table 3 provides regression results assessing the relationship between an increase in CAC score over 2 years and cardiovascular factors. In crude unadjusted models, every 1-year increase in age was associated with a 1.07 increase in the odds of CAC progressing. Men were Ͼ2 times more likely than women to have progression. The presence of hypertension, dyslipidemia, and diabetes each showed a significant association with CAC progression over 2 years. Moreover, the strength of the association increased with each additional chronic condition; those with all 3 were Ͼ6 times more likely to have CAC progress in the next 2 years. In terms of serum and physiologic measures, every 1-point increase in triglycerides, systolic blood pressure, and fasting glucose was significantly associated with increased odds of CAC progression. HDL and non-HDL showed a trend toward significance, whereas LDL, diastolic blood pressure, and BMI showed no association with increase in CAC scores. After controlling for age and sex in the adjusted regression models, the association of dyslipidemia with CAC progression was maintained, whereas diabetes showed a trend toward significance with CAC progression. Those with dyslipidemia were Ͼ2 times more likely to have CAC progress. Having Ն2 chronic conditions again showed significant associations and increasing trends with 2-year CAC progression. Those with all 3 chronic conditions were almost 5 times more likely to have CAC progress over 2 years, after adjusting for age and sex. In these adjusted models, the only physiologic factors that remained or became significant were non-HDL, systolic blood pressure, and fasting glucose. That is, for every 1-point increase in non-HDL, systolic blood pressure, and fasting glucose, the odds of CAC progressing showed a statistically significant increase.
Results
Among those with CAC progression, a 4.91 increase was found in the odds of experiencing a composite CVD event (Table 4 ). This association remained statistically significant after controlling for age, sex, hypertension, dyslipidemia, diabetes mellitus, number of chronic conditions, and BMI. 
Discussion
In this multiethnic prospective cohort of asymptomatic subjects, age, presence of dyslipidemia, and an increasing number of chronic conditions (hypertension, dyslipidemia, and diabetes) were shown to have a persistent association with 2-year CAC progression after controlling for age and sex. In terms of serum and physiologic disease measures, increases in non-HDL, systolic blood pressure, and fasting glucose were significantly associated with increased odds of CAC progression. Moreover, CAC progression remained independently associated with a composite CVD event after controlling for known risk factors. These findings corroborate several reported associations between traditional cardiovascular risk factors and CAC progression. In addition to data from future studies, these data may signify the value of CAC monitoring as a risk evaluation tool for certain populations, as it was shown to be independently associated with CVD events. The relationships presented also suggest the merit of considering certain risk factors themselves as surrogates for coronary plaque burden over time and avoiding the need for (repeat) computed tomography. 3, 15, [21] [22] [23] [24] Previous studies of CAC risk factors have focused largely on the incidence rather than the progression of CAC. The studies that do look at progression are scarce and often conflict. Our results on the association of dyslipidemia and an increasing number of chronic conditions support the conclusions of Kronmal et al 12 and others; this study was also compatible-in terms of the association between lipid measures and systolic blood pressurewith progression of CAC in models adjusted for age, sex, and follow-up time. Consistent with our findings, previous studies with asymptomatic populations reported a positive association of age with CAC progression. 14, 25, 26 Kramer et al 27 likewise found a positive association of CAC progression with hypertension (odds ratio, 2.11; 95% confidence interval, 1.33-3.3). Additional studies have supported a relationship between various chronic conditions, including dyslipidemia and hypertension, and CAC progression. 13, [27] [28] [29] [30] Studies have also shown an association of blood glucose concentrations and diabetes status with CAC progression. 13, 27, 28, 31 This effect remained even after adjusting for CAC at baseline. 12, 32 While baseline CAC scores are known to predict future cardiovascular events, 3, 33, 34 the importance and clinical value of changes in CAC are less understood. If CAC progression can be established as a reliable surrogate for increasing risk of atherosclerosis and future events, serial assessment of CAC would have many potential clinical applications: to supplement prognostic information for coronary artery disease, to identify subjects who may benefit from more aggressive treatment and/or further diagnostic workup, and to evaluate the efficacy of risk factor modification or other medical treatments on plaque burden. This is particularly true as CAC progression was independently associated with composite CVD events. Our study also identified modifiable risk factors commonly managed in primary and specialty care that are associated with increases in CAC measures, and thereby contributes to ongoing assessment of the clinical importance of CAC progression.
Several limitations of our study must be considered. Wide heterogeneity can be found among existing CAC research study designs and CAC assessment methods. We assumed MSCT is a reliable indicator of CAC, but agreement observed between computed tomography analyses was not considered and, for clinical applicability, the consistency and reproducibility of repeat CAC measures should be confirmed. Future studies should exercise diligence in these areas in order to minimize measurement error. 11 Studies of CAC progression also differ widely on their measurement and classification of calcium change. Progression is typically quantified by Agatston score or calcium volume score and is reported as absolute change, percentage relative change, or change in log calcium plus a constant. Our simple categorization of increase in CAC (CAC difference Ͼ0) versus no change or improvement in CAC (CAC difference Յ 0) makes comparison with other studies questionable. 21 Indeed, it has been suggested that a large CAC increase is necessary before it can be attributed to pathologic progression. 26, 35, 36 In future, a standardized method of assessing CAC change and a definition of what constitutes meaningful "progression" should be clarified. 21 The composite CVD measure precludes us from stating the association of CAC progression with any 1 particular CVD outcome.
Conclusion
As health care providers espouse more evidencebased medicine in their care of patients, more diligence will be applied to the assessment of new innovations in medical care, including the use of cost-benefit analyses and risk-adjusted analyses to estimate clinical outcomes. 21 A small number of individuals with atherosclerosis and detectable coronary calcium will eventually suffer a clinical coronary event, 11 which was supported by our data. Thus, to be pertinent, serial CAC should be proven as an accurate method for assessing atherosclerotic volume change and have sufficient reproducibility so differences are unlikely to be attributed to measurement error.
A paucity of data exists regarding whether risk factor modification can reduce CAC progression, and guidelines are needed for quantifying subclinical atherosclerosis based on CAC progression. The limited data to date suggest that CAC progression may be a more accurate predictor of future cardiac risk than its baseline measurement, 21 but there has yet to be a prospective comparison of baseline versus progression of CAC in terms of prognostic value. 37 While our study only speaks to the association between 2-year CAC changes, traditional risk factors, and composite CVD events, these findings lay the groundwork for future studies to identify those who might benefit from more aggressive treatment and/or further diagnostic workup and to evaluate the efficacy of risk factor modification or other medical treatments on plaque burden. Further studies are needed to determine how the source and extent of traditional cardiovascular risk factors interact with specific levels of CAC progression and the impact this has on cardiovascular morbidity and mortality. In addition, more prospective data are needed to further elucidate the existence and definition of an appropriate population in which CAC monitoring is warranted.
